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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
(Field of the Invention) 

This invention relates to the abnormality shading detection equipment which detects abnormality 
shading of a radiation image based on the image data showing the radiation image of a 
photographic subject. 
(Prior art) 

After reading the recorded radiation image, obtaining image data and performing the suitable 
image processing for this image data, carrying out playback record of the image is performed in 
various fields. For example, after reading an X-ray picture in the film with which the X-ray 
picture was recorded using the X~ray film with the low gamma value designed so that a next 
image processing might be suited, and this X-ray picture was recorded, changing into an 
electrical signal (image data) and performing an image processing to this image data, obtaining the 
good playback image of image quality engine performance, such as contrast, sharpness, and 
graininess, is performed by reproducing as a visible image in a copy photograph etc. (refer to 
JP,61-5193,B). 

Moreover, if radiations (an X-ray, alpha rays, beta rays, a gamma ray, an electron ray, ultraviolet 
rays, etc.) are emitted, a part of this energy of radiation will be accumulated by these people. The 
accumulative fluorescent substance (photostimulable phosphor) in which accelerated- 
phosphorescence luminescence is shown according to the energy accumulated when excitation 
light, such as the light, was irradiated after that is used. The radiation image information of the 
photographic subject of the body etc. is once recorded on an accumulative sheet-like fluorescent 
substance. Scan this accumulative fluorescent substance sheet with excitation light, such as laser 
light, and accelerated-phosphorescence luminescence light is made to produce. The obtained 
accelerated-phosphorescence luminescence light is read in photoelectricity, image data is 
obtained, and it is based on this irriage data. The radiation image of a photographic subject Record 
ingredients, such as photosensitive material, The radiation image recording regeneration system 
made to output to CRT etc. as a visible image is already proposed (JP,55-12429,A, 56-11395, 
55-163472, 56-104645, 55-116340, etc.). 

This system has the practical advantage that an image can be recorded over very large radiation 
exposure as compared with the radiograph system which uses the conventional film photo. 
Namely, it is admitted that the quantity of light of the luminescence light which carries out 
accelerated-phosphorescence luminescence by excitation after are recording to radiation light 
exposure is proportional over the very large range in an accumulative fluorescent substance. 
Therefore, even if it changes radiation light exposure quite sharply according to various 
photography conditions Set reading gain as a suitable value, read it with a photoelectrical 
modification means, and the quantity of light of the accelerated-phosphorescence luminescence 
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light emitted from an accumulative fluorescent substance sheet is changed into an electrical 
signal. The radiation image which is not influenced by fluctuation of radiation light exposure can 
be obtained by making a radiation image output to displays, such as record ingredients, such as 
photosensitive material, and CRT, as a visible image using this electrical signal, 
obtaining the playback image equipped with the good image quality engine performance which was 
only suitable for observation (diagnosis) in recent years in the system using the above-mentioned 
X-ray film, an accumulative fluorescent substance sheet, etc., especially the system constituted 
as an object for a medical diagnosis of the body — in addition, automatic recognition of an image 
has been performed (for example, refer to JP, 62- 12548 1,A). 

The automatic recognition of an image means actuation of extracting shading corresponding to a 
neoplasm, for example etc., by performing various processings to image data here from the very 
complicated image with which actuation of extracting the pattern made into the purpose from a 
complicated radiation image was said to, for example, the pattern of various lines like the thorax 
X-ray picture of the body and a circle configuration mingled. 

A can be made to assist with observation of an observer by extracting the target pattern (for 
example, neoplasm shadow) in such a complicated radiation image (building thorax X-ray picture 
of the **** body), and indicating the visible image which specified the extracted pattern by 
playback (for example, assistance of a diagnosis of a doctor). 

The thorax X-ray picture of the body which hit performing the above-mentioned image 
recognition, for example, was obtained by the usual photography, Namely, it replaces with 
carrying out automatic recognition of the neoplasm shadow based on the usual thorax X-ray 
picture with which the so-called both sides of the so-called soft tissues, such as an organization 
of those other than the rib of a core, the diaphragm section, and the pulmonary area section, and 
bony septums, such as a rib, were recorded. In order to avoid the incorrect recognition under the 
effect of a bony septum, were obtained by energy subtraction processing. It is based on the image 
with which only soft tissue was recorded. The automatic recognition of a neoplasm shadow To 
carry out is also tried (for example, refer to "thorax X-ray image pattern recognition using energy 
subtraction image" Katsumi Mizutani, the Hasegawa purity, **** Junichiro, and Hiroaki Nishitani 
sum electrical-and-electric-equipment relation society Tokai branch union convention [ in the 62 
fiscal year ] 564 pages). 

Two or more radiation images twisted in each radiation which has the energy with which the 
specific part of a photographic subject differs from energy subtraction processing mutually to the 
same photographic subject here using having a different rate of the absorption of radiation to the 
radiation which has mutually different energy obtain, and the processing which extracts the 
particular part of a photographic subject says by carrying out weighting of the radiation image of 
these plurality suitably, and calculating the difference. These people have also proposed many 
things about the energy subtraction using an accumulative fluorescent substance sheet (for 
example, refer to JP,59-83486,A and a 60-225541 official report). 
(Object of the Invention) 

It replaces with the radiation image (henceforth a "subject-copy image") with which the both sides 
of the soft parts of a photographic subject and a bony septum were recorded. The radiation image 
of a photographic subject with which soft parts were mainly recorded (It is hereafter called a 
"soft-parts image".) Although the incorrect recognition under the effect of a bony septum will 
decrease if it is based, for example, automatic recognition of abnormality shadings, such as a 
neoplasm, is performed On the other hand, since a soft-parts image is an image for which it asked 
by processing two or more radiation images, it is inferior in image quality compared with a 
subject-copy image, and it has the trouble that incorrect recognition of abnormality shading 
increases by the soft parts itself for this reason. 

This invention aims at offering the abnormality shading detection equipment which raised the 
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precision of the automatic recognition of abnormality shading further in view of the above- 
mentioned trouble. 

(The means for solving a technical problem) 

Fig. 1 is a block diagram which specified the configuration of the abnormality shading detection 
equipment of this invention. 

Two or more image data SOI obtained by irradiating at least two kinds of radiations with which 
energy differs mutually at the photographic subject which consists of soft parts and a bony 
septum, — , SOn are inputted into the image operation means 1 from a radiation image reader or 
radiation image data storage. The image data [ means 111 image operation ] SOI of these 
plurality, — , the soft-parts image data SI that expresses the soft-parts image in said 
photographic subject with which soft parts were mainly recorded based on SOn, The subject-copy 
image data S3 showing the subject-copy image with which the both sides of the bony septum 
image data S2 showing the bony septum image in said photographic subject with which the bony 
septum was mainly recorded, and the soft parts in said photographic subject and a bony septum 
were recorded are called for. 

These image data SI, S2, and S3 is inputted into the abnormality shading candidate extract means 
2. Moreover, the image data which can extract the positional information of the bony septum of a 
bony septum image data S2 grade radiation image, for example is inputted into the bony septum 

extract means 3. 

The abnormality shading candidate extract means 2 scans each of a soft-parts image, a bony 
septum image, and a subject-copy image using an abnormality shading extract filter based on 
each of each inputted image data SI, S2, and S3, and the extract (when the existence of 
abnormality shading and abnormality shading exist, it is the extract of the positional information) 
of abnormality shading which appeared in each image is performed. Here, an "abnormality shading 
extract filter" is not restricted to a specific filter, and can use the combination of each filters 
explained in the example mentioned later, and these filters, or well-known various filters. 
Moreover, standard shading does not regard as "abnormality shading", for example, although 
shadings, such as a neoplasm in a thorax X-ray picture, hyperplasy of a pleura, and 

pneumothorax, are said, this candidate extract means 1 does not need to extract all these 
abnormality shadings, and may extract only a neoplasm shadow as abnormality shading. In 
addition, suppose that it is extracted by this abnormality shading candidate means 2, and 
abnormality shading is called an abnormality shading candidate in a judgment means 4 to mention 
later, by this example in order that abnormality shading extracted as mentioned above may judge 
whether it is true abnormality shading or it is incorrect-recognized as it being abnormality 
shading. 

Moreover, the image data which can search for the positional information of the bony septum of a 
bony septum image data S2 grade radiation image as mentioned above is inputted into the bony 
septum extract means 3. With the bony septum extract means 3, the positional information B of a 
bony septum in which location of a bony septum image the bony septum exists is searched for 
based on the inputted image data. Although how to search for the positional information B of the 
bony septum in this bony septum extract means 3 is not restricted to a specific algorithm, since 
usual [ of a bony septum image / most ] is the images with which only the bony septum was 
recorded, it may search for the positional information B of a bony septum by performing simple 
threshold processing etc. using the bony septum image data S2. 

The positional information Jl, J2, and J3 of the abnormality shading candidate on the soft-parts 
image extracted with the abnormality shading candidate extract means 2, a bony septum image, 
and a subject-copy image and the positional information B of the bony septum called for with the 
bony septum extract means 3 are inputted into the judgment means 4. With the judgment means 4, 
the judgment of whether the abnormality shading candidate called for with the abnormality 
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shading candidate extract means 2 is abnormality shading is performed based on such positional 
information Jl and J2 and J3;B. More specifically, the judgment of whether to be abnormality 
shading is performed based on whether it exists on the bony septum which the soft-parts image, 
the bony septum image, and the subject-copy image are extracted either, or was extracted with 
the bony septum extract means, or the intersection of this bone about each of the abnormality 
shading candidate of each location extracted from the soft-parts image, the bony septum image, 
and the subject-copy image with the abnormality shading candidate extract means. The concrete 
algorithm of this judgment is not limited to a specific thing, and each image quality of the property 
of a photographic subject, a soft-parts image, a bony septum image, and a subject-copy image, 
the other descriptions, and the probability that is abnormality shading can set the abnormality 
shading candidate more than how much to arbitration according to the design concept whether to 
consider as abnormality shading etc. 
(Operation) 

The abnormality shading detection equipment of this invention extracts an abnormality shading 
candidate from each image of a soft-parts image, a bony septum image, and a subject-copy 
image. Since the positional information of a bony septum is furthermore searched for from a bony 
septum image, these are synthesized and it judged whether the above-mentioned abnormality 
shading candidate was abnormality shading, more specifically About each of the abnormality 
shading candidate of each location extracted from the soft-parts image, the bony septum image, 
and the subject-copy image with the abnormality shading candidate extract means Since it judged 
whether it was abnormality shading based on whether it exists on the bony septum which the 
soft-parts image, the bony septum image, and the subject-copy image are extracted either, or 
was extracted with the bony septum extract means, or the intersection of this bone, Automatic 
recognition still highly precise than any of the automatic recognition of abnormality shading based 
on a subject-copy image and the automatic recognition of abnormality shading based on a soft- 
parts image like before can be performed. 
(Example of fruit ** ) 

Hereafter, the example of this invention is explained with reference to a drawing. In addition, the 
example which detects shading of the neoplasm typically produced as an abbreviation globular 
form in the lungs of the body as abnormality shading is explained using the accumulative 
fluorescent substance sheet mentioned above here. This neoplasm appears as a pattern of a 
whitish (concentration is low) approximate circle form compared with a perimeter on the visible 
image reproduced based on image data. 

Fig. 2 is a schematic diagram of an example of X-rays equipment. 

When X-ray 12 is irradiated towards thorax 13a of the body 13 from the X line source 11 of this 
X-rays equipment 10 and X-ray 12a which penetrated the body 13 is irradiated by the first 
accumulative fluorescent substance sheet 5, are recording record of the first X~ray picture of 
thorax 13a of the body is carried out at the first accumulative fluorescent substance sheet 5. 
Next, while replacing with the first accumulative fluorescent substance sheet 5 and setting the 
second new accumulative fluorescent substance sheet 6 in a short time, the tube voltage of the X 
line source 11 is changed, and roentgenography is performed again. Thereby, are recording 
record of the second X-ray picture of the same photographic subject 13 by X-ray 12 with which 
energy differs from the first X-ray picture by which photography record was carried out on the 
first accumulative fluorescent substance sheet 5 is carried out at the second accumulative 
fluorescent substance sheet 6. In addition, in two above-mentioned photography, photography 
record also of ** now a cage, and these marks 14 and 15 is carried out for marks 14 and 15 
together at a photographic subject 13. These marks 14 and 15 (since it is easy in addition here, 
the image of the marks 14 and 15 by which photography record was carried out is also called 
marks 14 and 15 on an X-ray picture.) are used for sheets 5 and 6 in the case of the alignment of 
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the first by which are recording record was carried out, and the second X-ray picture. Fig. 3 is a 
front cotton perspective view about the computer system which are an example of an X-ray 
picture reader, and one example of the abnormality shading detection equipment of this invention. 
After photography is performed by X-rays equipment 10 shown in Fi g. 2 , the first and second 
one accumulative fluorescent substance sheets 5 and 6 are set at a time to the predetermined 
location of this X-ray picture reader. In addition, the case of the read of the first X-ray picture by 
which are recording record was carried out is explained to the first accumulative fluorescent 
substance sheet 5 here. 

The first accumulative fluorescent substance sheet 5 which was set to this predetermined location 
and with which are recording record of the first X-ray picture was carried out is conveyed in the 
direction of arrow-head Y by the sheet conveyance means 22, such as an endless belt driven by 
the motor 21, (vertical scanning), the mirror 28 after a reflective deviation being carried out by 
the rotating polygon 26 which drives the light beam 24 emitted from the laser light source 23 by 
the motor 25, arid carries out high-speed rotation in the direction of an arrow head and, passing 
the focusing lenses 27, such as ftheta lens, by it on the other hand — an optical path — changing 
— said sheet 5 — incidence — carrying out — the direction of vertical scanning (the direction of 
arrow-head Y), and abbreviation — horizontal scanning is carried out in the perpendicular 
direction of arrow-head X. From the part where the light beam 24 of a sheet 5 was irradiated, the 
accelerated-phosphorescence luminescence light 29 of the quantity of light according to the X- 
ray picture information by which are recording record is carried out is emitted, and this 
accelerated-phosphorescence luminescence light 29 is drawn with lightguide 30, and is detected 
by the photomultiplier (photomultiplier tube) 31 in photoelectricity. The above-mentioned 
lightguide 30 forms hght guide nature ingredients, such as an acryUc board, and is made, it is 
allotted so that incidence end-face 30a which makes the shape of a straight line may be 
prolonged along with a horizontal-scanning line, and the light-receiving side of a photomultiplier 
31 is combined with injection end-face 30b in which the shape of a circular ring was formed. The 
accelerated-phosphorescence luminescence light 29 which carried out incidence into lightguide 
30 from incidence end-face 30a repeats and progresses, the interior of this lightguide 30 is 
injected from injection end-face 30b, a photomultipHer 31 receives total reflection in it, and the 
accelerated-phosphorescence luminescence light 29 showing an X-ray picture is changed into an 
electrical signal by the photomultiplier 31. 

the analog output signal SA outputted from the photomultiplier 31 — a logarithmic amplifier 32 — 
a logarithm — it is amplified-like, and is digitized with A/D converter 33, and the image data SO 
as an electrical signal is obtained. 

Thus, the obtained image data SO is inputted into a computer system 40. This image data SO 
expresses the first X-ray picture by which are recording record was carried out to the first 
accumulative fluorescent substance sheet 5, and calls [ therefore ] this the first image data SOI 
to it here. 

This computer system 40 constitutes an example of the abnormality shading detection equipment 
of this invention, and consists of CRT displays 44 for displaying the keyboard 43 for the body 
section 41 in which CPU and the internal memory were built, the drive section 42 which the 
floppy disk as auxiliary memory is inserted and is driven, and an operator inputting directions 
required for this computer system 40 etc., and required information. 

Next, like the above, the second picture signal S02 showing the second X-ray picture by which 
are recording record was carried out is acquired by the second accumulative fluorescent 
substance sheet 6, and this second picture signal S02 is also inputted into it at a computer system 
40. 

Based on the first and the second image data SOI and S02 which were inputted into the computer 
system 40, detection of abnormality shading on an X-ray picture is performed. In a computer 
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system 40, the operation corresponding to each blocks 1-4 shown in Fig> 1 is performed on the 
function. Hereafter, the blocks 1-4 shown in Fig. 1 are considered to be the blocks showing the 
function of a computer system 40. 

The image data SOI and S02 as a digital electrical signal which expresses an X-ray picture as 
shown in Fig. 3 is inputted into the image operation means 1 shown in Fig. 1 within a electronic 
computing system 40. 

Image operation means The above-mentioned first and the second image data SOI and S02 The 
X-ray which expresses the first and the second X-ray picture by which photography record was 
carried out using the X-ray which has mutually different energy as mentioned above, and has 
these mutually different energy The permeability to the soft parts of a photographic subject (here 
thorax of the body) and a bony septum differs mutually. Therefore, the bony septum image with 
which only the bony septum of the soft-parts image with which only the soft parts of the above- 
mentioned photographic subject were recorded, and the above-mentioned photographic subject 
was recorded can be obtained by performing subtraction processing of these firsts and the second 
X-ray picture. 

With the image operation means 1 within a computer system 40, the first and the second image 
data SOI and S02 which were inputted are based, and as it is the following first, alignment 
processing is performed. In addition, the alignment processing explained here is the approach 
indicated by JP,58-163388,A. 

Each coordinate of the marks 14 and 15 (this is made into mark 14' and 15'.) given to the first X- 
ray picture which the first image data SOI supports (XAl, YAl), The marks 14 and 15 (this is 
made into mark 14" and 15".) given to the second X-ray picture which sets to (XA2, YA2) and the 
second image data S02 supports Each coordinate is set to (XBl, YBl), and (XB2, YB2). 
If the gap angle (XAl, YAl) (the segment to connect, the segment which connects (XBl, YBl) 
(XB2, YB2), and angle to make) of relative rotation gap of these two X-ray pictures is set to theta 

e « tan 

at this time (XA2, YA2), 

It is expressed and the first line drawing image is set in the rotation location of two X-ray 
pictures by rotating only an include angle theta. 

Furthermore, the location gaps delta XI and delta Yl of x mark 14'; 14" directions and the 
direction of y given to two X-ray pictures are deltaXl=XBl-{alpha, respectively. -(XAl-CX)- 
They are cos theta-alpha (YAl-CY) and sin theta+CX}. 

— (2) 

deltaYl=YBl-{alpha-XA 1-CX, sin theta+ alpha (YAl-CY), and cos theta+CY} 
~ (3) 

The location gaps delta X2 and delta Y2 of another x mark 15'; 15" direction and the direction of y 
which were expressed and were given to two X-ray pictures are deltaX2=XB2- {alpha like the 
above. -(XA2-CX)- They are cos theta-alpha (YA2-CY) and sin theta+ CX}. 

— (4) 

deltaY2=YB2- {alpha -(XA2-CX)- sin theta+ alpha (YA2-CY) and cos theta+CY} 
~ (5) 

It is expressed, in addition, (2) - (5) type — setting — CX and CY — each of the center of 

rotation — they are X coordinate and Y coordinate. 

Although it becomes an equal value mutually ideally, since it changes somewhat with errors 
accompanying the sampling of two picture signals SOI and S02 etc., as amounts delta X and delta 
Y of justification of the direction of X, and the direction of Y, deltaXl, and delta X2, delta Yl and 
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delta Y2 are cleltaX= (deltaXl+ deltaX2)/2 here. ~ (6) 
deltaY= (deltaYl+deltaY2)/2 ~ (7) 

Justification to **********, the direction of X of the first X-ray picture, and the direction of Y is 

performed. 

After alignment of the first and the second X-ray picture is performed as mentioned above, in the 
image operation means 1, it is based on the first after alignment and second image data SOI', and 
S02', and it is Sl=Wa-S01^-Wb-S02'+ C for every pixel. ~ (8) 

However, Wa and Wb express a weighting multiplier and C expresses a part for bias. 
********** (subtraction processing) is performed and the soft-parts image data SI showing a 
soft-parts image is called for. Moreover, like this, a weighting multiplier and bias are changed and 
they are S2=Wa', SOl'-Wb', and S02'+C'. — (9) 

However, in Wa' and Wb', weighting multiplier and C expresses a part for bias. 
By performing ****** for every pixel, the bony septum image data S2 is called for. 
Moreover, the first X-ray picture of the above and the second X-ray picture are images with 
which the both sides of soft parts and a bony septum were recorded for both images although the 
concentration (value of image data) of soft parts and a bony septum differed mutually. Although 
either the first X-ray picture or the second X-ray picture may be used as a subject-copy image, 
in order to reduce the noise which appears in an X-ray picture by fluctuation of an X-ray etc. in 
this example, for every pixel Therefore, S3=Wa"-S01'+ Wb" and S02" ~ (9) 
However, Wa"Wb" weighting multiplier is expressed. 

*4:4c**4cNc4c:ic:ic4c* processlng is performed and the image data S3 after this superposition processing is 
used as subject-copy image data S3 showing the subject-copy image with which the both sides of 
soft parts and a bony septum were recorded. In addition, although the image operation means 1 in 
this example asked for the soft-parts image, the bony septum image, and the subject-copy image 
based on the image data SOI and S02 showing two X-ray pictures, more of course, you may still 
ask [ many image data SOI and S02, — , ] for a soft-parts image, a bony septum image, and a 
subject-copy image using SOn (refer to JP,59-083486,A). 

the — the [ 4A Fig. and ] — 4B Fig. and the 4th C Fig. are drawings which sketched an example 
of a soft-parts image, a bony septum image, and a subject-copy image, respectively. 
The bony septum in the X-ray picture of a photographic subject is eliminated by the soft-parts 
image (the 4A Fig.), and only soft tissue is recorded. On the other hand, the soft parts in the X- 
ray picture of a photographic subject are eliminated by the bony septum image (the 4B Fig.), and 
only the bony septum is recorded on it. Moreover, the both sides of soft tissue and a bony septum 
are recorded on the subject-copy image (the 4th C Fig.). 

Each image data SI, S2, and S3 obtained as mentioned above in the image operation means 1 
within a computer system 40 is inputted into the abnormality shading candidate extract means 2 
within a computer system 40. Moreover, in this example, the bony septum image data S2 is 
inputted into the bony septum extract means 3 within a computer system 40. 

In addition, with the above-mentioned image operation means 1, various image processings other 
than the above, such as frequency emphasis processing, smoothing processing, and noise 
rejection processing, are also performed to the first and the second image data SOI and S02 or 
the soft-parts image data SI, the bony septum image data S2, and the subject-copy image data S3 
if needed. 

Abnormality shading candidate extract means With the abnormality shading candidate extract 
means 2 within a computer system 40, the candidate of a neoplasm shadow who appeared in each 
[ these ] image is extracted based on each inputted image data SI, S2, and S3 by scanning using 
a neoplasm shadow extract filter on each image of a soft-parts image, a bony septum image, and 
a subject-copy image. 

Fig. 5 is drawing virtually drawn on this image focusing on the predetermined pixel PO on an X- 
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ray picture, in order to explain the example of the real space filter which extracts a neoplasm 
shadow. It is judged whether the predetermined pixel PO is a pixel within a neoplasm shadow. 
Although the neoplasm shadow which appears in this each image by scanning each image top 
using a filter as shown here is extracted, it explains focusing on the case where a subject-copy 
image top is scanned here. In addition, the filter explained first below is a filter indicated by JP,1~ 
162904,A. 

Fig. 6 is drawing having shown an example of the profile of the subject-copy image of the 
direction (x directions) where the segments LI and L5 of Fig. 5 centering on the above- 
mentioned predetermined pixel PO are prolonged. Here, let the predetermined pixel PO be the 
thing of the neoplasm shadow 57 near the **** of the rib shadow 56 which exists at the core 
mostly. Although it appears as a profile of bilateral symmetry mostly typically, the neoplasm 
shadow 57 may not serve as bilateral symmetry in a subject-copy image, when the neoplasm 
shadow 57 is near the **** of the rib shadow 56 like this example. Also in this case, it is 
important that this neoplasm shadow 57 can be extracted. The broken line 58 of **** 6 Fig, is an 
example of a profile in case there is no neoplasm. 

as shown in Fig. 5 , it centered on the further predetermined pixel PO from the predetermined 
pixel PO in an X-ray picture supposing two or more (here 8) segments Li (i= 1, 2, — , 8) 
prolonged around this X-ray picture — the circle Rj (2 j= 1, 3) of radii rl, r2, and r3 is assumed, 
respectively. The image data of the predetermined pixel PO is set to fO, and the image data of 
each pixel Pij (the notation is shown in Fig. 5 about Pll, P12, P13, P51, P52, and P53.) located in 
each intersection of each segment Li and each circle Rj is set to fij (i= 1, 2, — , 8; j= 1, 2, 3). 
here — the difference of the image data fO of the predetermined pixel PO, and the image data fij 
of each pixel Pij — deltaij is calculated according to following the (11) type. 
deltaij=fij-fO ~ (11) 
(i= 1, 2, — , 8; j= 1, 2, 3) 

next, the difference called for by (11) formulas for every segment Li — deltaij maximum is 
calculated, that is, if an example is shown about segments LI and L5, about a segment LI, it 
corresponds to pixels Pll, P12, and P13 — each — difference — the maximum of deltall=fll- 
fOdeltal2=fl2-fOdeltal3=fl3-fO is calculated. In this example, as shown in Fig. 6 , it is 
deltal3<deltal2<deltall<0, therefore delta 11 becomes maximum, moreover, about a segment 
L5, it corresponds to pixels P51, P52, and P53 — each — difference — maximum delta 53 is 
calculated among delta51=f51-f0delta52=f52-f0delta53=f53-f0. 

Thus, the neoplasm shadow of various sizes can be coped with the predetermined pixel PO and by 
calculating the maximum of difference with two or more pixels for every segment Li. 
Next, the average (respectively Ml 5, M26, M37, M48) of two maximums is calculated for each 
class, using each of a segment LI, a segment L5 and a segment L2, segment L6 and a segment 
L3, a segment L7 and a segment L4, and a segment L8 as 1 set using as 1 set two segments 
mutually prolonged in an opposite direction from the predetermined pixel PO. The average Ml 5 is 

A 1 1 + A 53 

Mi5- -(12) 

about a segment LI, a segment L5, and a group. 2 

It asks by carrying out. 

Thus, by dealing with the predetermined pixel PO or two segments which are mutually prolonged 
in an opposite direction as 1 set, as shown in Fig. 6 , even if the neoplasm shadow 57 is near the 
rib shadow 56 and distribution of the image data is unsymmetrical, a neoplasm shadow is certainly 
detectable. 

If the averages Ml 5, M26, M37, and M48 are calculated as mentioned above, as it is the following, 
based on these averages Ml 5, M26, M37, and M48, the characteristic value CI used for the 
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judgment of whether the predetermined pixel PO is a pixel within a neoplasm shadow will be 
calculated. 

Fig. 7 is drawing for explaining how calculating CI at least for this property. The averages Ml 5, 

M26, M37, and M48 and the axes of ordinate which searched for the axis of abscissa as 
mentioned above are each evaluation values CI 5, C26, C37, and C48 corresponding to these 
averages. 

When than the value Ml with the averages M15, M26, M37, and M48, and an evaluation value is 
larger than zero and a certain value M2, according to the magnitude of the value, as for an 
evaluation value, the value between 0.0-1.0 turns into an evaluation value in the middle of 1.0, 
and M1-M2. Thus, the evaluation values C15, C26, C37, and C48 corresponding to each averages 
M15, M26, M37, and M48 are calculated, respectively, and it is sum C1=C15+ C26+ C37+C48 of 
these evaluation values C15, C26, C37, and C48. — (13) 

It considers as ******** Cl. That is, this characteristic value CI has one between the minimum 
value 0.0 and maximum 4.0 of values. 

This characteristic value CI is compared with predetermined threshold Thl, and it is judged by 
whether it is CI >=Thl or it is CKThl whether the predetermined pixel PO is a pixel within a 
neoplasm shadow, respectively. 

In addition, the algorithm of the filter which extracts a neoplasm shadow is not limited to the 
above-mentioned algorithm. Below, other examples are explained (refer to Japanese Patent 
Application No. No. 162905 [ one to ]). 

GURAJIEN of the image data fij of each pixel Pij (i= 1, 2, ~, 8; j= 1, 2, 3) of Fig. 5 and **fij are 
calculated. 

xy coordinate of the pixel P whose gradient is on an X-ray picture here (m, n), Pixel P' which 
adjoins in this pixel P, x directions, and the direction of y, and a P-" coordinate, respectively 
(m+ 1, n) When it is referred to as (m, n+ 1) and those pixels P, P', and P-" image data are set to f 
(m, n), f (m+ 1, n), and f (m, n+ 1), respectively, **f(m, n) = (f(m+ 1, n)-f (m, n), f(m, n+ l)-f (m, n)) 
— (14) 

It comes out and the vector expressed is said. 

Fig. 8 is drawing showing the operation approach shown in the above-mentioned gradient and the 
following. 

After gradient **fij is calculated, the die length of these vectors of gradient **fij is arranged with 
1.0. That is, when magnitude of gradient **fij is made into I **fij I , standardization GURAJUNTO 
**fij/| **fij I is called for. 

Next, the component of the direction of Segment Li of this standardization gradient **fij/| **fij| is 
called for. That is, when unit BEKUTERU which goes to the predetermined pixel PO from each 
pixel Pij is set to **i, **fij/| **fij| * ** i (however, * expresses an inner product) is called for. 
Then, when the inner sense (the direction of the predetermined pixel PO) is made forward and 
outwardness is made negative about this component, it is each maximum (i= 1, 2, — , 8) 
{**fij/| **fij| ***i} M in each segment (i= 1, 2, 8) Li of every. 

**** **^ the aggregate value which added each [ these ] maximum {**fij/| **fijl ***i} M further 

s { V f I I V f ij I * e , } M 

This aggregate value F-.t' t . ,/ 1 V f , . 1 * e . ) „ 

As a characteristic value C2, this characteristic value C2 is compared with predetermined 
threshold Th2, and it is judged by whether it is C2 >=Th2 or it is C2<Th2 whether the 
predetermined pixel PO is a pixel within a neoplasm shadow, respectively. 
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By this filter's standardizing magnitude I **fij| of gradient **fij, and observing only in that 
direction (extent of the difference of a direction with Component Li), the characteristic value C2 
which is not based on contrast with a perimeter but has a big value according to a configuration 
being circular is calculated, and, thereby, a neoplasm shadow is extracted with big accuracy. 
Next, the filter which has a further different algorithm is explained (refer to Japanese Patent 
Application No. No. 162909 [ one to ]). 

QO and Qij (i= 1, 2, — , 8; j= 1, 2, 3) which are shown in Fig. 5 (however, in Fig. 5 ) explicit — 
QO, and QU, Q12, Q13, Q51, Q52 and Q53 — being shown — **** — each boundary region 
containing the central field and each pixel Pij (i= 1, 2, — , 8; j= 1, 2, 3) which contain a pixel PO, 
respectively is expressed. 

Each of this field QO and every Qij (i= 1, 2, — , 8; j= 1, 2, 3) are asked for this each field QO and 
the averages QO and Qij (i= 1, 2, — , 8; j= 1, 2, 3) of each image data of a large number 
corresponding to a majority of each pixels in Qij. In addition, since it is easy here, the same 
notation is used with the notation which points out each fields QO and Qij (i= 1, 2, — , 8; j= 1, 2, 
3), and the notation which points out the average of the image data in this each field, 
next, the average QO of a central field and the average Qij of each boundary region — 
respectively — ** — each — difference — deltaij (i= 1, 2, — , 8; j= 1, 2, 3) — deltaij=Qij-QO — 
(15) 

it asks by carrying out — having — further — every segment Li — difference — maximum 
deltai of deltaij is called for. That is, if an example is shown about segments LI and L5, about the 
maximum delta 1 of delta 11, delta 12, and delta 13, and a segment L5, the maximum delta 5 of 
delta 51, delta 52, and delta 53 will be calculated [ segment / LI ]. 

Next, the second characteristic value V showing the first characteristic value U representing 
maximum deltai (i=l-8) and dispersion of maximum deltai (i=l-8) is calculated. For this reason, 
according to the following operation expression, each characteristic values U1-U4, and VI -V4 
are calculated first. 

Ul= (deltal+ delta2-+- delta5+ delta6)/4 — (16) 
U2= (delta2+ deltaSH- delta6+ delta7)/4 — (17) 
U3= (delta3+ delta4+ delta7+ delta8)/4 — (18) 
U4= (delta4+delta5-Hdelta8+deltal)/4 ~ (19) 
V1=U1/U3 — (20) 
V2=U2/U4 ~ (21) 
V3=U3/U1 — (22) 
V4=U4/U2 — (23) 

If the case where a characteristic value Ul is calculated for example, according to (16) types is 
explained here Adding about two adjoining fields (delta 1, delta 2, or delta 5 and delta 6) means 
smoothing. Moreover, as shown in Fig. 6 , even if the thing which sandwiched the pixel PO and 
which is mutually added about the field (deltal+ delta2 and delta5+ delta6) of the opposite side 
has unsymmetrical image data like the first filter mentioned above, it means enabling it to detect a 
neoplasm shadow. 

Moreover, when separating since circular [ set to Vl**1.0 and ], if the neoplasm shadow 57 
which is the characteristic value calculated about the direction which intersects perpendicularly 
with a characteristic value Ul and a characteristic value U3 mutually, therefore is shown in Fig. 6 
is circular if the case where a characteristic value VI is calculated, for example according to (20) 
types is explained (i.e., when a pixel PO is in shading on a straight line like a rib shadow), it will 
separate from VI from 1.0. 

the above — as the first characteristic value U representing maximum deltai (i=l-8) of difference 
— maximum U=MAX (Ul, U2, U3, U4) of U1-U4 — (24) 

it ****** — having — the above — as the second characteristic value V showing dispersion in 
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maximum deltai (i=l-8) of difference — maximum V=MAX (VI, V2, V3, V4) of V1-V4 — (25) 
It ******. Thus, when the first and the second characteristic value U and V are calculated, it is the 
ratio of these firsts and the second characteristic value as a characteristic value C3 for judging 
whether the predetermined pixel PO is a pixel within a neoplasm shadow. 
U 

C 3 « - (26) 

V 

This characteristic value C3 ******(ed) is compared with predetermined threshold Th3, and it is 
judged by whether it is C3 >=Th3 or it is C3<Th3 whether a pixel PO is a pixel within a neoplasm 
shadow, respectively. 

In addition, in each above-mentioned example of a filter, although Pixel Pij, the average Qij, etc. 
on eight segments L1-L8 were used as shown in Fig. 5 , there are not these eight segments, for 
example, of course, you may be 16. Moreover, although calculated [ distance / from the 
predetermined pixel PO ] about three distance, rl, r2, and r3 It does not restrict to three distance 
about this, either, and when the magnitude of the neoplasm shadow which should be extracted is 
mostly fixed, one is sufficient as distance, and in order to extract the neoplasm shadow of various 
magnitude with a still more sufficient precision, it may calculate by changing distance 
continuously from rl to r3. Moreover, with the abnormality shading candidate extract means 2, 
not only each above-mentioned filter but a further different filter may be used, and a filter which 
is mutually different further about each of a subject-copy image, a soft-parts image, and a bony 
septum image may be used. 

Bony septum extract means As mentioned above, in this example, the bony septum image data S2 
showing the bony septum image (the refer to 4B Fig.) called for with the image operation means 1 
is inputted also into the bony septum extract means 3. 

With the bony septum extract means 3, the information on a location that the bone exists is 
searched for among a bony septum image based on the inputted bony septum image data S2. 
in order to explain an example of how to search for the positional information of bony shading, as 
for Fig . 9 — the — it is drawing shown with the graph of the bony septum image data S2 of some 
enlarged drawings of the bony septum image shown in 4B Fig. 

The shading 56 of two ribs is shown in the bony septum image shown in Fig. 9 (a), the shading 56 
of these two ribs — that part — 56a has lapped and appeared. Fig. 9 (b) is drawing showing the 
bony septum image data S2 of each pixel in alignment with the y-axis of Fig. 9 (a). Since it is the 
image which extracted only shading of the bone of a bony septum image, it can ask for whether 
the field of bony shading and the other field are fields where it could classify quite clearly, 
therefore bony shading was recorded by whether for example, bony septum image data is four or 
more threshold Th, and, thereby, the positional information of bony shading is searched for. 
Moreover, field 56a with which the rib lapped approximates shading of for example, each rib with 
a secondary curve, and can ask for it as a field where these approximation curves cross. 
In addition, how to search for the positional information of bony shading is not restricted to the 
above-mentioned threshold processing, and the approach of carrying out differential processing 
of the bony septum image data S2, for example, detecting the peak may be used for it. Moreover, 
the approach which did not surely need to use the bundle bony septum image data S2, for 
example, was indicated by "discernment of the rib shadow in a photofluorography chest 
radiograph" (corporation electronic communication link academic-circles October 26, 1972 
image-engineering study group data data number IT 72-24 (1972-10)) using the subject-copy 
image data S3 may be adopted. The approach indicated by this reference is an approach of 
scanning a thorax X-ray picture using a filter sensitive to a line, extracting a line drawing image, 
extracting the line corresponding to a rib shadow from the direction where the location on the X- 
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ray picture of that diagram and a diagram extend, and extracting a rib shadow by carrying out 
quadratic function approximation of the rib shadow boundary line further. 

Judgment means The positional information Jl, J2, and J3 of the neoplasm shadow candidate on 

each image of the subject-copy image extracted with the abnormality shading candidate extract 
means 2 as mentioned above, a soft-parts image, and a bony septum image and the positional 
information B of the bony septum called for with the bony septum extract means are inputted into 
the judgment means 4 within a computer system 40. 

With the judgment means 4 in this example, about each of the neoplasm shadow candidate of each 
location extracted from the soft-parts image, the bony septum image, and the subject-copy image 
with the abnormality shading candidate extract means 2 Based on whether it exists on the rib 
which the soft-parts image, the bony septum image, and the subject-copy image are extracted 
either, or was extracted with the bony septum extract means 3, or the intersection of this rib, it is 
judged whether it is a neoplasm shadow or it is what is depended on incorrect detection. 
First, since the information of the both sides of soft parts and a bony septum is included in the 
subject-copy image, even if the neoplasm shadow candidate who was not extracted on the 
subject-copy image is extracted on a soft-parts image or a bony septum image, it judges that he 
is not a neoplasm shadow. 

When the neoplasm shadow candidate J3 is extracted on a subject-copy image, it is judged still as 
follows. 

i) When it is extracted as a neoplasm shadow candidate Jl on a soft-parts image, and is not 
extracted from the location which corresponds on a bony septum image and this neoplasm shadow 
candidate Jl cannot be found on the intersection (refer to the 9th Fig. ) of a rib It is succeedingly 
and leaves as a neoplasm shadow candidate, and only when it is judged by the operation which 
classifies the neoplasm shadow mentioned later and a blood vessel shadow that it is a neoplasm 
shadow, it judges that this neoplasm shadow candidate is a neoplasm shadow. 

ii) When it is extracted as a neoplasm shadow candidate Jl on a soft-parts image and the 
neoplasm shadow candidate Jl suits on the intersection of a rib, it is judged with it being. a 
neoplasm shadow on a rib intersection. 

iii) It is extracted as a neoplasm shadow candidate J2 on a bony septum image, and it is judged 
that the misgiving which is coalified fields, such as tubercular marks, is strong from the location 
which the neoplasm shadow candidate's J2 location is not the intersection of a rib, either, and 
corresponds on a soft-parts image when not extracted. 

iv) The neoplasm shadow candidate's J2 location is the intersection of a rib on a bony septum 
image, and when not extracted in the location to which a neoplasm shadow candidate corresponds 
on a soft-parts image, it judges that the intersection of a rib extracts accidentally [ be / he / a 
neoplasm shadow candidate ], and judges with what is not a neoplasm shadow. 

v) On a subject-copy image, in spite of having extracted the neoplasm shadow candidate J3, when 
the both sides of a soft-parts image and a bony septum image are not extracted as a neoplasm 
shadow candidate and the neoplasm shadow candidate J3 exists on a rib, it judges that a rib is 
extracted accidentally [ be / he / a neoplasm shadow candidate ], and judges with what is not a 
neoplasm shadow. 

vi) It is the case where the both sides of a soft-parts image and a bony septum image are not 
extracted as a neoplasm shadow candidate in spite of having extracted the neoplasm shadow 
candidate J3 on the subject-copy image. And when the neoplasm shadow candidate J3 exists in 
fields other than a rib, it is judged as that by which the image quality of a soft-parts image was 
not extracted from a soft-parts image by the bad (a S/N ratio is bad) thing as a neoplasm shadow 
candidate compared with the subject-copy image, and judges with it being a neoplasm shadow. 
An example of an operation algorithm which distinguishes the neoplasm shadow and blood vessel 
shadow of a case of Above i here is explained (refer to Japanese Patent Application No. No. 
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162906 [ one to ]). 

the — the [ lOA Fig. and ] — lOB Fig. is drawing which was extracted as a neoplasm shadow 
candidate and in which showing soft-parts images of the dense field, such as a neoplasm shadow 
of Shinsei, and a blood vessel, respectively. The field surrounded by the broken line 59 in each 
drawing is the field A extracted as a neoplasm shadow candidate, and each graph is the profile 
(what plotted the soft-parts image data SI) of the x directions of [ in each field A ], and the 
direction of y. 

The neoplasm shadow (the lOA Fig.) of Shinsei has the comparatively flat profile to which x 
directions and the direction of y have a trough near a center, in the field (the lOB Fig.) in which 
the blood vessel etc. crowded, in almost all cases, it becomes the profile which has fine 
fluctuation in an one direction (the lOA Fig. x directions), and other directions (the direction of y) 
serve as a comparatively flat profile. So, the field where the blood vessel extracted as a neoplasm 
shadow candidate crowded is excepted from a neoplasm shadow here using the difference of this 
profile. That is, the image data of a pixel which expresses with n (n= 1, 2, — ) the pixel located in 
a line in m (m= 1, 2, — ) and the direction of y in the pixel located in a line in the x directions, and 
is expressed with (m, n) is set to f (m, n). at this time, it is shown in a degree type — as — 
primary [ of the image data in Field A ] — difference — the average of the square of a value is 
computed. 

Z « « S 2 { f (oi+l.n) - f (DJ,n) } 2 

m A 

<». ->£A "'(21) 

Z r -2 5: { f (iB.n+1) - f (D.n) ) 2 /n 

m n 

Next, when the one where the one min (Zx, Zy) where a value is smaller and a value are bigger is 
set to max (Zx, Zy) among Above Zx and Zy as a characteristic value C4 for judging whether it is 
made to continue as a neoplasm shadow, or it excepts from a neoplasm shadow, 

min ( Z . . 2 , ) 
C4 = — ■ -(29) 

max ( Z , . Z y ) 

It ******, this characteristic value C4 is retained as a neoplasm shadow as compared with 
predetermined threshold Th5 at the time of C4 >=Th5, and it excepts from a neoplasm shadow at 

the time of C4<Th5. 

in addition, it restricts to what is computed by (29) formulas as the above-mentioned 
characteristic value C4 — not having — for example 

I Z , - Z y I 
Cz " -(30) 

Z X + Z y 
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C2=|Zx-Zy| — (31) 

******** is also good, moreover — the above-mentioned example — primary [ of the 2-way of x 
and y ] — difference — although it asked for f(m+ 1, n)-f (m, n) and f(m, n+ l)-f (m, n), you may 
ask for the difference of the direction of slant (direction which intersects perpendicularly with 
neither x directions nor the direction of y), for example. 

With the judgment means 4 within the computer system 40 shown in Fig. 3 , the judgment of 
whether the neoplasm shadow candidate extracted with the abnormality shading candidate extract 
means 2 as mentioned above is a neoplasm shadow is performed. 

Although the above example is an example which extracts the neoplasm shadow which appears as 
typically circular to the thorax X-ray picture of the body obtained using the accumulative 
fluorescent substance This invention is not what is not restricted to the extract of a circular 
neoplasm shadow and is restricted to a thorax X-ray picture, either. Furthermore, it is not 
restricted to the system using an accumulative fluorescent substance, either, and in case 
abnormality shading on this radiation image is detected based on the image data showing the 
radiation image of a photographic subject, it has the configuration which can be used widely. 
(Effect of the invention) 

As explained to the detail above, this invention abnormality shading detection equipment It is 
based on two or more image data SOI and S02 showing two or more X-ray pictures recorded 
using the radiation which has the same photographic subject and mutually different energy 
mutually, — , SOn. It asks for the image data SI, S2, and S3 showing a soft-parts image, a bony 
septum image, and a subject-copy image. Extract the candidate of abnormahty shading who 
appears in each [ these ] image, and the positional information of a bony septum is searched for 
based on one of image data. About each of the abnormality shading candidate of each location 
extracted from the soft-parts image, the bony septum image, and the subject-copy image Since 
the abnormality shading candidate extracted based on whether the soft-parts image, the bony 
septum image, and the subject-copy image are extracted either, or it exists on a bony septum or 
the intersection of this bone judged whether it was abnormality shading, abnormality shading is 
detectable with high precision. 
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* NOTICES * 

JPO and NCEPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] Abnormality shading detection equipment which detects abnormality shading on said 
radiation image based on the image data showing the radiation image of the photographic subject 
which consists of the soft parts and bony septums which are characterized by providing the 
following Soft-parts image data which expresses the soft-parts image in said photographic 
subject with which soft parts were mainly recorded based on two or more image data showing 
each of two or more radiation images obtained by said photographic subject irradiating at least 
two kinds of radiations with which energy differs mutually Bony septum image data showing the 
bony septum image in said photographic subject with which the bony septum was mainly recorded 
said copy — by scanning each of said soft-parts image, said bony septum image, and said 
subject-copy image using the image operation means and abnormality shading extract filter which 
ask for the subject-copy image data showing the subject-copy image with which the both sides of 
soft parts in the living body and a bony septum were recorded An abnormality shading candidate 
extract means to extract the candidate of abnormality shading who appears in each of these 
images, A bony septum extract means to search for the positional information of the bony septum 
which appears in said radiation image, and said soft-parts image, About each of the abnormality 
shading candidate of each location extracted from said bony septum image and said subject-copy 
image with said abnormality shading candidate extract means A judgment means for it to be based 
[ whether it exists on the bony septum which said soft-parts image, said bony septum image, and 
said subject-copy image are extracted either, or was extracted with said bony septum extract 
means, or the intersection of this bone, and ], and to judge whether it is abnormality shading 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This docximent has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[EgJ.] 
SOi 

_J 



Si 



s 

son 



the -- 4A Fig.1 




the - 4 B Fig. 1 

~K — 












jS3 







1 



J2 J 3 



L- 




[The 4th C Fig.] 



http ://www4 .ipdl .ncipi. go. j p/cgi -bin/ tran_web_cgi_e j j e 



12/27/2004 



Page 2 of 5 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/27/2004 



Page 3 of 5 



C(5.C26,C37.C48 




[Eig^] 

^Vfij Vfij/lvfijI 




Vfii/|7flj|*Pi 



[ - the -- lOA Fig.] 
.-SI 





A N 




i 

/\ 
/ 1 


1 

31 1 
1 1 






[Eig^] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/27/2004 



Page 4 of 5 




http7/www4. ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



12/27/2004 



Page 5 of 5 




[Translation done.] 



http7/www4. ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



12/27/2004 



(19)H*BI»W/i' (JP) (12)4^ ^ ^(B2) 


(ll)4$W»# 






112571132-^ 


(45)«ffH 511^89^(1997) ifli6B 




(24)S»B ¥^8#(1996)10^24B 


(BDInta* ttUJE^ /tl^KJSS^ 


F I 




A6 1B 6/00 3 33 0277-2J 


A6 IB 6/00 3 3 3 


0277-2J 




350Z 






mnmomn^ 13 M) 


(2i)im»^ -27221 1 




999999999 








(22)mHEI ¥0989)10^198 








mmmm 


m mm 


(65)^W»# »M^3- 133430 






(43}&nB 3|2jft3¥(1991) 6 ^ 6 B 








(74) 


ifm± mm tsst (ji-i«) 









(54) JI^S^USSB 



1 

CS7) mifFi^momm] 

*). e:n6©&ii!0fii4itc3St>niSlri^^©«^*Jilia 



2 

ii^M©-eti-en^cot^-c. msmsmm. minmrnm 
te i o-frieMai^©c»-r*a*»6faai3 4ir J; iyf 
Htrie#gI5«lffl#®-C«ltB3 ^fc#8IJ±* s tn*sg#©?£ 

[^?3©i¥miji^l 



(2) 

3 

C<ttcj;0. 3>h^;^h. i^^--:rif.x, wmmo 
{c»-:J*»[^«:©]a*H|giii<^«:^KSS3feWif4^©i2fii« 

^^';^7"A*!-r-C(CS^3n-CI,i^ (#118855-12429 
1^56- U395^, 15155-163472^. 15156-104645 
13155-116340^^) . 

^(i-^4ratr»-C^JS3fettif4^©ge^ttif4. CR-l^©« 

-5-c. SS;j*i^S*a©^K:]K»3ni5:t»iRWBia»% 40 
m>ctmx^Z, 

;^'f A. !RfK:Aft:©Ea^»rffl<i:0r:»^3n^J/;^7^ 
tmmffinrj:i:>tiX^Xi.^i (/ct*«i|tHBg62-i254 

cc-cii®s©a»)8g^iw. iii^f^-iJK:a^©i3:ffi 



iltf'FZ 5 7 113 2 

4 

m) ^fflWL'. ■e©^fl^lLfc>'^•^->*HJ^bfcBIts■ 
t^immo)mm<omm i^fstyn^ciaix^^. 

<fcO»6n/tAI*©«9a5X«IB«i. BI^. .DISSIJ. 
MSP. l!rIi!!fS|5©flft«JJ^J1-©iffl«J^©C>*D(<J'^l!cg|5ffll5<!: 
8i!j#^?©l»*)«9)*#S|J<!:©5K3^*iiBIS§nfcaS©iaS15 

Xi^ia®!«:«^c*rA:i^«M^«J^ siiiisia-r <t 
{Cf^^r. #g|5©KWtcJ:S^ISit6?:iSW.2.)t«!){c, x 

iHM©i5»*^ie^ 3 ti/tiii^fe«cs-:j(, ja;^»© S «ilgia 

^il^^ffll.^/cIaSBXila«^>'^•:J^->^.laJ tK^^S. S 
»3£SBa!#;^ 564--:- y#M) . 

i^(o^mo:>m^i)im^ icmrj: * x ;u 4^- * sfew 
micnLxmfj:i>mmm^mmimtic6immv 

r, m-<D^mmcMbxm^ic^tj:t:t.:^)i^-^m 

(ommmmi^^m^icmTf^m-i Lx^om^mwr^ c 

tt^ji-^xmmwoi^ms^^^mmf^f&m^i^^, * 

-83486^4}t«. Pl60-225541^<afB#RS) . 

mr. rmm»i it^^). ) (cf^A-rts^w:©^ i u 

1^5, ) {cS-itt,i-C/c<t;i«Jtt«l?©SmR©@itllS 

-:/3r. ®(gBil^SiaiK[©fiScS*i^iii^?:ft!iffl-rscii;cj: 

*)7i^ittcm^xsi,itcibmMmtkt-<m'mi!fi^^K) . c© 

t«:Bfl«)i-r-Sfc©-C**. 

(^ii:&s?gi-rsfc»©^e) 
iiiia»> *i6qg©ssBfiit^ia^g©«fiS?:Hj/TsL/ 

nyci®s©iiiflsf'- 5r so. , - .sa i a attwiiiii 



(3) 

5 

6tttS!CDiS^S7'-ifSO,.-.so„fcS-:JC^r. SirtBS^f* 

cnP.©iiiflS!7^-^si,s2.s3W> S^M^U^^am^ 
|«8iiii«Ofl«©fiStf«l*«ltHl/»Sil«7=-^3»«, lo 

m^x^i,i}^^nti>m-^fkBx$>^tmmmLtch(o 

^samfstr- f s2^&sii^ia«i®»BiJ©fi[gitfR4^a) 
ti^titcm^r-nicmrsi.^x. #aJii^©i'©{4g(c 

WSBjOiSSELri^SdiiC^-^. #gl5©{4gtt$SB7t»i^a> 
6ns, C:©«S|Jttffi^e3«:*JWS#g|5©&at&«B 

©**:^«#;£©r ;u d- >; x a «cKg 6 n-5 1> ©t? Bi'j: i » 
#gBiS«©ji^«^^<!:^i'#gp©^^3&^taM^3 nfciffl 

t*lifii«iSISf«rtf«c^>Ci{CJ;«3#S|J©ffiaitt«B% 40 
tej;0'Miiififc±©Mm»<^©{4g1t#gJi,J2, 

J3i. #si5ain^e3-c5}cii>6nfc#gi5©aatt$BB« 
*'j5£^ia4K:A;^3ns. *lS^I9;4-c«. cn6©{4 

iBtt«iji,32.33:B{c«-3t,»-c. mn^'s&mmmm^m2 
fi:S®smBE^«5li©*ti^ntc-:>i,>r. agPHfft, n so 



#it2 5 7 1 1 3 2 
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im^^-^mm i -r s *> i ^ ^w-jiL«^K:isc res 
«:#8Piii«3!pe)#^©fig1S«**«>. cti6%<i^L 

fig©ssi^ie*5m©-?-n-eti(coi>-c. sjcbpb^. « 

S|J±{C#?5E-r-5*«S*»tcS-:JI,»-C. SmK-C*S*>5 

(SI is m) 

AW<Dmmmm&^mmmBtbx^o^mm<D 
'^Bi^^mmtbx^mr^mic-o{,>x^m-r^. c 

112 ia». xi^^iia©-fi»f©iniS0-c*«, 

c ©xi^jiiKi^gio©Xisasii*'6 x^i2*^A<*i3© 

laiSPlSaKlfiJWrRaWSn, Att:i3*a3tl//!iXiKl2a*J 
m-©Satt«3fe«:5^- h 5{CM«3tlSC £{C<fcO . 
Att:©IfiOgPi3a©l|-©Xi|IBi«l*JSI-©Sattm36«^ 

^^tc5Si^iaii^ccm-©SS14«^(*i^- h stcfii^r 

^fci^ci^z:©sattmi£(*~>- hs^-fe-^/h-rsii*) 
(c. xi^asai©©m£E«r^A, ^^Y^mk^miUion 

Z>. cn{cJ:0»-©8attM7fei*i>'-h6«c«. n- 
©ssittM3i&(*->- h 5cc«KfeJi3n/cii-©Xi^iii 

«4 «x ;^ ;U=¥^-©S'^f S XiSl2{C J: Sis]— l!S¥»:i3© 
mi:©XiSiH«*iSSia^34aS. fSS. J:i52lBl©aK 
{cfcor. tSti:i*i3{c«-7-i7i4,i5*!{^gr*j«3. c 
©v-i?i4.i54>— ifgccjiijia^sns. ctie>©-7- 
i'M.is (1^. cc-r«fs»©/ta). Xi»iij<it±Kasj 
ia»3nfcv-4?i4.i5©»*>> v-i'w.isiPfi?. ) 



(4) 
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8 



IB^ 5 titcm-<DW9\t'^^i^iy-~ h 5 $ 2i«: 

'5igtt3n^En:^iS]tcii5iiiie-rsiBie^SDa26icj: -o 
x^mmm^ti. t e u>x^cDmmu>X27*iijaL 

/eg. 2 9 -28K i 0 3te8SS:^ifr«riB5^- h 5 CcAS* 

tiiJ^©:)?!^! (^EnY:^i6j) <i:iKSiS^3r3^Enx:^isi«: 
6«. s«K^snrt»sxiiaiiiflitlSfRccj£;Dfc36fi© 

If) 31«Cj:r>-C5l6SW«:«^a$tl-5. J:ffi3t:</-^ K30» 

*f^®30a*^e>7e;;^V K30rtCCA«O/c«^^*29 
«, m:if-< F30©rtgi5<£^S«*3^'5iIL/-ca*-. 1^ 

Sn. XiSIlifi^^ato-r«i^%3t3t29*S7* 

^ -f +31(0 <fc o •cm^fi-^fc^^ 5 n 
(i^s.{*)it?^iti?iS32-c«i3(W{ctsiti$n. v[^^S3 

4'->;^f-A4o(cA:^3n.5. c©iii®t-^-:Jfso«. m— 
©SSIttm*(*'>- h 5K:SB}fB®3nfc^-©XSliii 

<DMiSi^-~ ^ so. i P?^o 

C©3>fcr»-^rS/;^f-A40». *^B^©MSI^i5*l 



*l'-^l*iC©3>f3.-:J?'>X7-A 40{Ci£>M fj: J 4 

A:^-r5/c*©+-Ji<- F43,*J J:0't2«f!ifet»f8€ra^ 
■^■^^^©an-f*^ x:^u -f 44*>6«RS3nrti.5, 

icmmsm s nfciBz:©x^iiifla*^fc>-r»-©H«ff 
■^so,*i»6n. c:©0-©ia^«#so.4>3>fa-ir 
i^:^ ^ A 40K A* 3 ti 4o 

=j > f ^ - j^;^ 7^ A40{c A:^) 3 n/c®— *J<fc CXI?" 
©BifST^- ^ so. .so, tca^c^-c . XiSia«±©S^Bf 
10 ^©lftW*sff^ct>ti4. n>tr»-3»^'Xf-A4or«. 
^©t5fte±. II 1 ia{c^TS:/P 'J f 1 ~4 (cSstir-^-S 
ill©*itf ii5:t)n.5. WT. m 1 Htcin-TT-a 5» 1 ~4 
*=i>fc' »-:i»i';^f-A40©!at6*«*D-r-?'n »^ i'i^ 

^3 SCCTK-r J: ^ K:xia®i®5r^*3r7' s^i?;!'©^ 

i^;^fA40rt©. IPHS{c*rBi^fea»#Sl«:A*3 

20 ±iai&— *jj:!yf»r.©iii»f'-*soi .SQ,«. fri^o 

faKiBis 3 n/cm-*j J: :fm=.<oxmmmimiyr h © 
•r?*'5. cn€.5:i,>«csitcsx*;mf-*wrsxt8 

«> tS^fl^ (CC-C«At*©)l63g|5) ©i>ca5. «S|J{C>Ft-r 

(yfmr©XiiiiS0©-9-:/ h ^ 3 yum^nu ^ c <t 

k: J: 0 ±iBM^l*©l>;g|5©;?»7!>3iB^3 n/cDcSPili^fc J: 

o■±tB^lS¥^*©#sp©**^i^^ii3 n/c#si5iiifi;t*tf -s c 

30 =i>fa-3'J-'Xf-A40W©i®^?ISL^® 1-C«. A 

fss. ccrsiiirsfiB^to-»±ftiffi»i|#raBS58-i6 

3388#fifR«ciBiS3 n/c:^-s-c*s. 
n-offlO^T^- nso^iimm-r i,m-<DxmmiSi<tcti 

3n/c-7-i7i4,i5 <C<l«rv-i?14' ,15' iT-S. ) 

©SffiS* (x.i,Y».) . (x>2,Y,i) iu. m-©iffl^ 
7=- i» so. ©Xi^ia^{C'W3 ti/tv- 4/ 1 

4.15 (C 4^14' .15' i-rS. ) ©S)^«* (X 
40 ,Y.,) . (X,. ,Y.,) i-rS. 

c(ot^cii^2 o©x^iii^©ta*fa^^c EI^X u© 

rnn ( (x^, ,y..) i (x...y*.) ti:m^m^t (x 
.. .Y.,) <!: (x.,.Y.,) t^m^m^ttt-rn) ^et 
fit. 



e - tan -1 



B2 



Bit 



X B 2 ~" X 



-tan -i| 



B V 



Ya2- Y 



(1) 



trnfiiti. m—<owm9k^nm.emim^^ni>ct so K:j:»)2-:)©xs!fa»©@«gffiB3js^to-a'6ti*. 



(5) 

9 

2'^<DXmmmiCi^$tltc'7-i>i4' ;14' 

AX,=X,i- {a - (X,i-Q,) - cose 
-a (Y.,-C,) • sin0+G} 

• (2) 

AY, =Y.i- {a •X.i-Q.) - sine 
+ a (Y»,-C) • COS0+C} 

••• (3) 

d'15' ;is' ©x:^r[fii,v*rni©tta-rnAx. ,AY.»« ± lo 

A)^=x,,- {a- ()Ci-q<) • OOS0 
-a (Y»,-C,) • s1n0+Q} 

... (4) 

AY,=Y,,-{Qr- (X„-Q) -sine 
+ a (Y»,-C) • COS0+C} 

... (5) 

i^tosns, i^. (2) ~ (5) S;(cte(,>rq, ,c,B 
lsll£*'C^©^n^tiXJ^S ,Y0lSt?4> -5,. 

C C -C A)^ i Ax, . Ay, t AY, »®SW{C ttSC* {C^ 20 
Hr»fii<!:^j:S*i. 2o©iii^fi-^so, ,S0i©-tJ->:/';> 

:^risi©filtiiiiiliaAx.A Y t ». 

AX= (AJQ+AX.) /2 - (6) 

AY= (AY, + AY,) /2 ". (7) 

©Xi®iii^fe©x:^[Si,Y»ioi'^©tiSia 
*)-&a©^-fej:c;f||-©iil«7'-^'SQ,' .so.' fc® 30 

Sl=Wa- so,' -Wb-SQ,' +C 

... (8) 

fetch. Wa,Wb«S*#Wffi». Ctt-'<-rrx^3-*Sfc 

-r. 

S2=wa' -SO,' 

-Vlto' • SO.' +C' - (9 ) 40 

ftfcL. wa' .wb' itm^mm^. c ^*-'^*-^r;<» 
©j«»%SiliSRS«c?Tnc ^ c i K J: 13 . 5f 

/i:*i-3r^-©x«iaii!«> L< «®-©Xi^ms©u-r 

©»9)6a'^{c<l:r)XiBilI»{c31*)nS«l«*ffij«-rS/i: 50 
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S3=Wa' • SO,' 

+Wb' • SO,' - (9 ) 

tcftb. wa' .Wb' m;^m^mLi:mt>r. 
©s*a^t>ifMa'&?fifec^ c©fi*3^*D-«i-5{ia©f*© 
ia« 7^- ^ S3**©:gp i «SB i ©)R:;^*i|BMi 3 n/clSiiills 

1 «2 o©x««!^:*t>-riii 

lofmmm^^fcifi. s e.{c^»©®«i^- ^^so, .so. . 
•••.so„*ffl<<»-c»;g|Jifflfls. «gB®«i. lliiiflfc***r*> 
J:^,^c^»^>fe6^■c*5 mpiBg59-08348&^>&#a# 
M) . 

-fHHJiiilR. *j«tiyf|liiiffe©-«?9&BSS^t^fc0-c* 

licBisoii^ m4m) icuw9»<Dxmmm'p<o9mifi 

(04BH) fc{j. lsi[^<*©Xi^iB^tfi©«>:ei5*sr^*3 

ti#si5©*3!)i^fii3tit:i,»s. itfcmmm {m4cmy ic 
». «»;gi5«)^i#g|5i©)K:;^*siaiS3nrt*.5. 

a>f3.-a'->j^7-A 40F«9©Bi«illS[^e 1 «c *j c » -c 
±l2©J:^«curW6nfc^«7=-^si,s2,S3». 3 
>f^-i»i^:;^fA 40f^©s:«r^^{^?i}fflffl^S 2 cc A 

7^ A 4crt©#SuaSffi^® 3 KH-SPili^Ef'- 5f s2*sA:^i 3 

isa. ±iaiii^jsm#© 1 m-*icfcj>'m-©i®«t 
7^- :>so. .so, . L/ < »#;SI5fflil!7'- i'si.#gPiii^^7=' 
-f s2.iiia»f'-4'S3(c, ji^^tcjscr. tctfum 

Ttt. A:^3ti/c^iS^7'-5fsi,s2.s3Ccs^i,>r. b 

H^-rs/cJ!!)(c. X^iii#±©§f5£©ia^P.*'*''C^KSiii 

s»j{csi?B-r*-7 -f ."i/^tJ. ^mw- 1 -i62904^ccia*8 
3n/c7 ^ji/^j-c*?.. 

iii^L,<i:u©eaf4:^isi (x:^[Si) ©jiatfeo^'a^T 



(6) 
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(i =1,2, -,8) ^siso. ^^(^mmommPo^^'C- 

tLfc. -en-en^Sr, ,r, .nCDRRi (j =1,2,3)?: 
^3:Pxi ,Pa, ,Pi, ,P5i ,P52 .Psjtc-otiriB-^^^ur* 

-S. ) (Dia«'r-:$?^fii ( i =1.2,-.8;.i = l,2,3) <!: 
ccr. ^^<Dili^PaCOliI^'r-^fo<b#iij^pii(D 

e5?)6tlS. 20 
Am =fii-fo - (U) 

( i =1,2,-',8;.1=1,2,3) 

y^vCC^^^USCC. (11) ^r5RJ?)6n/c^Aii«* 

A 1 1 + A S3 

M,5^ 



Axi =fi, -fa 
Ax, =ft, -fo 
Ax,=fia-f» 

*ri:^iCAx3<Ax2<Axt<0^*0. t/c:;&^orAxi 

f)^&:Kmtrj:^o S/cj^^utcoi^rtiiii^Psx.Psi.p 

A,x =f5x -f» 

Aw =fw - fa 

A53 =f5 3 -f» 

y^tc. 0f^(D@i^Po^^e>5l^tcSM:^[^tc$So'^2*: 

(-en-etlMs ,Mi6.»^7,M,a) 3&i5Rdt)€>n^o JEl^Lxi 

- (12) 



II70«. ccD!RFl4{4CxCD*es6:^^l^?g-r^/c2s6cDS 

Hr.M... *ii»iii«cne>ovi^Mtcjtfj£rsssffiffl 40 

Qs tQ» tCj7 , €48*0^^0 

,CDcpPaT«. ^<DfiiCD:^^$CCjSGro.O--1.0CDPflCD 
Q = Cx,+Qs + C37+C4. ••• (13) 

3!>ii|$ttffiCx<bsn?>. fip-^. ccD!|^^iCx«s/^fiio.o 



hir*)^?&\ Cx<Thir*S5&HCcfcO. ^ScDiii^Po3{)^ 

(D^UCCOC^rSilS-r* (i|$Bg¥l -162905-^#M) o 

%'b^(D^m%P^^ ( i =l,2,'-,8;.i = l,2,3) (DBIR 
7^- f M <D ^ -7 :«i > <b V f M 3&^5}ci?) 6 tl -5 o 

xvi^S^ (m,n) . WmmY> ty.^^. yT^f^^cKg-T 
SiB^P' ,P^ (OUS^^ti^n (m+l,n) , (m,n+ 
1) iU. *n?>CDiii^P,P' .r <Di®«7=-^*^tl 
-etlf (m.n) .f (m + l.n) ,f (m.n+ 1 ) <bU/ci 

Vf (m,n) = (f (m + l,n) -f (m,n) . 

f (m.n+ 1 ) - f (m.n) ) - (14) 

x> h VfM^^)-^^ h^K^>SS?&^1.0^C}g}^6tlSo fiP 
iJ^^i:5*>hVfM<D;^*S* I VfM |<bL/c<fc 



13 

c<Dam^^t?x>hvfM/ivfH m 

r«I) 5^ffilgr€::ftil./c<!:*. ^m^U ( i =1,2. 

,8) scc^^fii 

{Vfn/IVfM l*ei } M 
( i =1,2, -.8) 

{Vfn/|VfM |*ei } M 

2:{vfi,/ivfiii*e,}M 

i - 1 

s {y f I,/ I V f . J I * e , } M 

•^l^rSiB^-r^ -162909^#M) o 

ll5HK:^'rQ,*5J:0*Q,i ( i =1.2,"-,8;.i=l,2.3) 

tf«*M«*5j:iy^SiiilRPii (i =1.2.- ,8;.i=l,2.3) 

CCD&M^Q,*5<fcO'Cii ( i =1,2,- ,8;1 = 1,2,3) S 
Sliltft7^-^CD^:^fiiCi,Q,i (i =1.2,-'.8;.i = 1.2, 

{ i =i.2,--.8;.i=i,2,3) tm^mm^ 

-en^niCOS^AM ( i =1,2,-.8;.1=1.2.3) *5 
Aii=Q,i-Q, (15) 

ri. «lfl^uccoiir«Aii.A„ .A^c^^^-^OS:^!!! 



(7) ^tl¥2 5 7 1 1 3 2 

14 

A, . «^U(COCir«A,x,A,,.A,,(D^)%<D«:^ffl 
Ab im^^htl^o 

<x^c. mi^mAi ( i = 1 - 8 ) ^{mr^m~<Dn 
^mvtMi^mAi ( i = I'-s) (D«6-:)gf%a*D-r 



So 

U= (Ai +A2 +A6 +Ae ) /4 - (16) 

U,= (A2 H-Aa +Ae +A7 ) /4 - (l7) 

10 lJ!i= (A3 +A4 +A7 +A8 ) /4 - (18) 

U= (A4 +A6 H-Aa +A, ) /4 - (19) 

Vi = UtAJ3 - (20) 

V, =Uj/U4 (21) 

V3=U,/U, - (22) 

V4=U/U, (23) 



cc-c. /ci^« (16) ^(fcm^xi^mik^^ib^ 
A2 . ^fcUAs tAf, ) (tc-oi.^xmnr^ctittw-m 

20 (A, +A2 tAs +Ab ) k:-:>iirttifit'r-SC<*:«M 
ft J: 5 ^c-r s c <t ^SRt ur 

^/c. /ci;i^3: (20) ^ctcfi£-^r^$ttfiiv.^*2?)Sia 
^^coi^riftH^-rsi. <$ttffiu <5:#l4<iiu chscHciE 

f)^h9]'ri^m^. m-hmmPo^m'^mcoj:^(^m.m±(D 
30 ±fB^^cDS:^fiiAi ( i = 1 -8 ) ^Rmt^m- 

U = MAX (Ut .U ,U .U«) - (24) 

^^SfflSn. ±iB^^o«:AcfliAi ( i = 1 -8 ) (Dtf 

V = MAX (Vi,V, ,V3 .V4) (25) 

\j,vf)mi^hti^t. mmommPo^mmm^^commx 

40 -^j::j^mr.<Dm^m<ottm 
u 

C3 « - (26) 

V 

So 



(8) 

15 

iii^P.*i6©ffiiai«:ot,>-r^>ri .r, ,r,<D3o©iSfB(CO 
3©IUiK*S6K:f»a«l:<ftitB-rsyt*«:. fiBlSI«:r. 

(a) {C^-r#SPH^K:t*2*©a*#©|^^56 

*S7KSnrii.5. C©2*cDtt!j#©I^K56l3:*0— SP56 

a^sm^corJitinriiS. m^m (b) ii9S 
( a ) o y liSKa o /c^iii^©«gPiii^T=-- ^ S2*«t) 
t/car*^,. #gPiii«©#©i^^©;5f*»mi/;fcBi®i 

«©^iJ755iaiiiSn/c?IJi-C*S3!)^S*^*5l?S?>-S C i*l 
cn«:J:i3#©»»©{4a«$S*i*&6ni.. * 

i^. #©i»i5©{4at«B©^sb:^«. JitaL-tt^ffl^ 

*fc!ii>-rUii6#S|5i®^7^-^S2«:ffll,»S'iJ>StiJjt 

m«iiH«i^-i'S3*ffli»-c rra«a«)KigiJXi(g 4o 

1972^10^ 26H iiilfeX^W^^«*Sf «*4«-^IT72- 24 

(1972-10) ) (ctB*S3ti)t:^^^«:S5ffll/r4,J:(,». 

c©3S:K(ciBtssn/c:^ffi«. i^«cifes;Aj:-7 

J«±©<fc^{ci/-C. SSBE»ISlfflMtH^I22t?fflffl3 50 
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ti/cMB^, i):S|5ia^*jJ:a^'#S|5iiifi^©^iffl^±©M« 

Ufi^a©{4gts#Bji.j2.j3i. «a5flja^ia-c*«)e>n 

fc«g|5©{igtf #8 B tt . 3 > f 3. - 3? A 40f»3©#lJ 
«*jJ:C^JliB«i*>6gmi5<i^«fllltt^m2-Cfflttl§n 

j:cx#gi5aw^S3 ram sn/ci*#±*s 

©35SMgP±«:»at-**>S*»CcS-:Jt»r. llgSiBr** 
5fe-r. MiB^K:tfi>:gpi#gpi©jR:^©«fR*J^sn 

mm^x\i.r£X,^t'^-Sin.i>. 
T©J:^>K:*i]»f3n5. 

i ) #cgPiii^±t?H«^Mffl Jii L Tffl m 5 n. #g|5 

*saij i 4iE^-r J: o mm^xh s 
i*ij»t3 nfc«^©;5>«ffiaK^gi?«f3:iwiS5-c*s i*! 

ii) Wium^±.xm.mmm^:ixi^{^xmm^ti. ^© 
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